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			Foreword

			David Brooks

			Columnist, New York Times; author, The Social Animal

			Every era has its intellectual hotspots. We think of the Bloomsbury Group in London during the early twentieth century. We think of the New York intellectuals who wrote for little magazines like Partisan Review in the 1950s. The most influential thinkers in our own era live at the nexus of the cognitive sciences, evolutionary psychology, and information technology. This constellation of thinkers, influenced by people like Daniel Kahneman, Noam Chomsky, E. O. Wilson, Steven Pinker, Steve Jobs, and Sergey Brin, do a great deal to set the intellectual temper of the times. They ask the fundamental questions and shape debates outside of their own disciplines and across the public sphere.

			Many of the leaders of this network are in this book. They are lucky enough to be at the head of fast-advancing fields. But they are also lucky enough to have one another. The literary agent and all-purpose intellectual impresario John Brockman gathers members of this network for summits. He arranges symposia and encourages online conversations. Through Edge.org, he has multiplied the talents of everybody involved. Crucially, he has taken scholars out of their intellectual disciplines, encouraging them to interact with people in different fields, to talk with business executives, to talk with the general public.

			The disciplinary structure in the universities is an important foundation. It enforces methodological rigor. But it doesn’t really correlate with reality (why do we have one field, psychology, concerning the inner life and another field, sociology, concerning the outer life, when the distinction between the two is porous and maybe insignificant?). If there’s going to be a vibrant intellectual life, somebody has to drag researchers out of their ghettos, and Brockman has done that, through Edge.

			The book you hold in your hand accomplishes two things, one implicit, one explicit. Implicitly it gives you an excellent glimpse of what some of the world’s leading thinkers are obsessed with at the moment. You can see their optimism (or anxiety) about how technology is changing culture and interaction. You’ll observe a frequent desire to move beyond deductive reasoning and come up with more rigorous modes of holistic or emergent thinking.

			You’ll also get a sense of the emotional temper of the group. People in this culture love neat puzzles and cool questions. Benoit Mandelbrot asked his famous question “How long is the coast of Britain?” long before this symposium was written, but it perfectly captures the sort of puzzle people in this crowd love. The question seems simple. Just look it up in the encyclopedia. But as Mandelbrot observed, the length of the coast of Britain depends on what you use to measure it. If you draw lines on a map to approximate the coastline, you get one length, but if you try to measure the real bumps in every inlet and bay, the curves of each pebble and grain of sand, you get a much different length.

			That question is intellectually complexifying but also clarifying. It gets beneath the way we see, and over the past generation the people in this book have taken us beneath our own conscious thinking and shown us the deeper patterns and realms of life. I think they’ve been influenced by the ethos of Silicon Valley. They seem to love heroic attempts at innovation and don’t believe there is much disgrace in an adventurous failure. They are enthusiastic. Most important, they are not coldly deterministic. Under their influence, the cognitive and other sciences have learned from novels and the humanities. In this book, Joshua Greene has a brilliant entry in which he tries to define the relationship between the sciences and the humanities, between brain imaging and Macbeth. He shows that they are complementary and interconnected magisteria. In this way the rift between the two cultures is being partially healed.

			The explicit purpose of this book is to give us better tools to think about the world. Though written by researchers, it is eminently practical for life day to day.

			As you march through or dance around in this book, you’ll see that some of the entries describe the patterns of the world. Nicholas Christakis is one of several scholars to emphasize that many things in the world have properties not present in their parts. They cannot be understood simply by taking them apart; you have to observe the interactions of the whole. Stephon Alexander is one of two writers (appropriately) to emphasize the dualities found in the world. Just as an electron has both wave-like and particle-like properties, so many things can have two sets of characteristics simultaneously. Clay Shirky emphasizes that while we often imagine bell curves everywhere, in fact the phenomena of the world are often best described by the Pareto Principle. Things are often skewed radically toward the top of any distribution. Twenty percent of the employees in any company do most of the work, and the top 20 percent within that 20 percent do most of that group’s work.

			As you read through the entries that seek to understand patterns in the world, you’ll run across a few amazing facts. For example, I didn’t know that twice as many people in India have access to cell phones as to latrines.

			But most of the essays in the book are about metacognition. They consist of thinking about how we think. I was struck by Daniel Kahneman’s essay on the Focusing Illusion, by Paul Saffo’s essay on the Time Span Illusion, by John McWhorter’s essay on Path Dependence, and Evgeny Morozov’s essay on the Einstellung Effect, among many others. If you lead an organization, or have the sort of job that demands that you think about the world, these tools are like magic hammers. They will help you, now and through life, to see the world better, and to see your own biases more accurately.

			But I do want to emphasize one final thing. These researchers are giving us tools for thinking. It sounds utilitarian and it is. But tucked in the nooks and crannies of this book there are insights about the intimate world, about the realms of emotion and spirit. There are insights about what sort of creatures we are. Some of these are not all that uplifting. Gloria Origgi writes about Kakonomics, our preference for low-quality outcomes. But Roger Highfield, Jonathan Haidt, and others write about the “snuggle for existence”: the fact that evolution is not only about competition, but profoundly about cooperation and even altruism. Haidt says wittily that we are the giraffes of altruism. There is something for the poetic side of your nature, as well as the prosaic.

			The people in this book lead some of the hottest fields; in these pages they are just giving you little wisps of what they are working on. But I hope you’ll be struck not only by how freewheeling they are willing to be, but also by the undertone of modesty. Several of the essays in this book emphasize that we see the world in deeply imperfect ways, and that our knowledge is partial. They have respect for the scientific method and the group enterprise precisely because the stock of our own individual reason is small. Amid all the charms to follow, that mixture of humility and daring is the most unusual and important.

		

	


	
		
			Preface: The Edge Question

			JOHN BROCKMAN

			Publisher and editor, Edge

			In 1981 I founded the Reality Club. Through 1996, the club held its meetings in Chinese restaurants, artists’ lofts, the boardrooms of investment-banking firms, ballrooms, museums, and living rooms, among other venues. The Reality Club differed from the Algonquin Round Table, the Apostles, or the Bloomsbury Group, but it offered the same quality of intellectual adventure. Perhaps the closest resemblance was to the late eighteenth- and early nineteenth-century Lunar Society of Birmingham, an informal gathering of the leading cultural figures of the new industrial age—James Watt, Erasmus Darwin, Josiah Wedgwood, Joseph Priestley, Benjamin Franklin. In a similar fashion, the Reality Club was an attempt to gather together those people exploring the themes of the postindustrial age.

			In 1997, the Reality Club went online, rebranded as Edge. The ideas presented on Edge are speculative; they represent the frontiers in such areas as evolutionary biology, genetics, computer science, neurophysiology, psychology, and physics. Emerging out of these contributions is a new natural philosophy, new ways of understanding physical systems, new ways of thinking that call into question many of our basic assumptions.

			For each of the anniversary editions of Edge, I have asked contributors for their responses to a question that comes to me, or to one of my correspondents, in the middle of the night. It’s not easy coming up with a question. As the late James Lee Byars, my friend and sometime collaborator, used to say: “I can answer the question, but am I bright enough to ask it?” I’m looking for questions that inspire answers we can’t possibly predict. My goal is to provoke people into thinking thoughts they normally might not have.

			This year’s question, suggested by Steven Pinker and seconded by Daniel Kahneman, takes off from a notion of James Flynn, intelligence researcher and emeritus professor of political studies at the University of Otago in Dunedin, New Zealand, who defined shorthand abstractions (SHAs) as concepts drawn from science that have become part of the language and make people smarter by providing widely applicable templates. “Market,” “placebo,” “random sample,” and “naturalistic fallacy” are a few of his examples. His idea is that the abstraction is available as a single cognitive chunk, which can be used as an element in thinking and in debate.

			 

			The Edge Question 2011

			What Scientific Concept Would Improve Everybody’s Cognitive Toolkit?

			Here, the term “scientific” is to be understood in a broad sense—as the most reliable way of gaining knowledge about anything, whether it be human behavior, corporate behavior, the fate of the planet, or the future of the universe. A “scientific concept” may come from philosophy, logic, economics, jurisprudence, or any other analytic enterprises, as long as it is a rigorous tool that can be summed up succinctly but has broad application to understanding the world.

		

	


	
		
			“Deep Time” and the Far Future

			Martin Rees

			President emeritus, the Royal Society; professor of cosmology & astrophysics; master, Trinity College, University of Cambridge; author, Our Final Century: The 50/50 Threat to Humanity’s Survival

			We need to extend our time horizons. Especially, we need deeper and wider awareness that far more time lies ahead than has elapsed up until now.

			Our present biosphere is the outcome of about 4 billion years of evolution, and we can trace cosmic history right back to a Big Bang that happened about 13.7 billion years ago. The stupendous time spans of the evolutionary past are now part of common culture and understanding—even though the concept may not yet have percolated to all parts of Kansas and Alaska. But the immense time horizons that stretch ahead—though familiar to every astronomer—haven’t permeated our culture to the same extent.

			Our sun is less than halfway through its life. It formed 4.5 billion years ago, but it’s got 6 billion more years before the fuel runs out. It will then flare up, engulfing the inner planets and vaporizing any life that might then remain on Earth. But even after the sun’s demise, the expanding universe will continue, perhaps forever—destined to become ever colder, ever emptier. That, at least, is the best long-range forecast that cosmologists can offer, though few would lay firm odds on what may happen beyond a few tens of billions of years.

			Awareness of the “deep time” lying ahead is still not pervasive. Indeed, most people—and not only those for whom this view is enshrined in religious beliefs—envisage humans as in some sense the culmination of evolution. But no astronomer could believe this; on the contrary, it would be equally plausible to surmise that we are not even at the halfway stage. There is abundant time for posthuman evolution, here on Earth or far beyond, organic or inorganic, to give rise to far more diversity and even greater qualitative changes than those that have led from single-celled organisms to humans. Indeed, this conclusion is strengthened when we realize that future evolution will proceed not on the million-year time scale characteristic of Darwinian selection but at the much accelerated rate allowed by genetic modification and the advance of machine intelligence (and forced by the drastic environmental pressures that would confront any humans who were to construct habitats beyond the Earth).

			Darwin himself realized that “not one living species will preserve its unaltered likeness to a distant futurity.” We now know that “futurity” extends far further—and alterations can occur far faster—than Darwin envisioned. And we know that the cosmos, through which life could spread, is far more extensive and varied than he envisioned. So humans are surely not the terminal branch of an evolutionary tree but a species that emerged early in cosmic history, with special promise for diverse evolution. But this is not to diminish their status. We humans are entitled to feel uniquely important, as the first known species with the power to mold its evolutionary legacy.

		

	


	
		
			We Are Unique

			MARCELO GLEISER

			Appleton Professor of Natural Philosophy and professor of physics and astronomy, Dartmouth College; author, A Tear at the Edge of Creation: A Radical New Vision for Life in an Imperfect Universe

			To improve everybody’s cognitive toolkit, the required scientific concept has to be applicable to all humans. It needs to make a difference to us as a species, or, more to the point I am going to make, as a key factor in defining our collective role. This concept must affect the way we perceive who we are and why we are here. It should redefine the way we live our lives and plan for our collective future. This concept must make it clear that we matter.

			A concept that might grow into this life-redefining powerhouse is the notion that we, humans on a rare planet, are unique and uniquely important. But what of Copernicanism, the notion that the more we learn about the universe the less important we become? I will argue that modern science, traditionally considered guilty of reducing our existence to a pointless accident in an indifferent universe, is actually saying the opposite. Whereas it does say that we are an accident in an indifferent universe, it also says that we are a rare accident and thus not pointless.

			But wait! Isn’t it the opposite? Shouldn’t we expect life to be common in the cosmos and us to be just one of many creatures out there? After all, as we discover more and more worlds circling other suns, the so-called exoplanets, we find an amazing array of possibilities. Also, given that the laws of physics and chemistry are the same across the universe, we should expect life to be ubiquitous: If it happened here, it must have happened in many other places. So why am I claiming that we are unique?

			There is an enormous difference between life and intelligent life. By intelligent life, I don’t mean clever crows or dolphins but minds capable of self-awareness and of developing advanced technologies—that is, not just using what’s at hand but transforming materials into devices that can perform a multitude of tasks. I agree that single-celled life, although dependent on a multitude of physical and biochemical factors, shouldn’t be an exclusive property of our planet—first, because life on Earth appeared almost as quickly as it could, no more than a few hundred million years after things quieted down enough; and second, because the existence of extremophiles, life-forms capable of surviving in extreme conditions (very hot or cold, very acidic or/and radioactive, no oxygen, etc.), show that life is resilient and spreads into every niche it can.

			However, the existence of single-celled organisms doesn’t necessarily lead to that of multicellular ones, much less to that of intelligent multicellular ones. Life is in the business of surviving the best way it can in a given environment. If the environment changes, those creatures that can survive under the new conditions will. Nothing in this dynamic supports the notion that once there’s life all you have to do is wait long enough and poof! up pops a clever creature. This smells of biological teleology, the concept that life’s purpose is to create intelligent life, a notion that seduces many people for obvious reasons: It makes us the special outcome of some grand plan. The history of life on Earth doesn’t support this evolution toward intelligence. There have been many transitions toward greater complexity, none of them obvious: prokaryotic to eukaryotic unicellular creatures (and nothing more for 3 billion years!), unicellular to multicellular, sexual reproduction, mammals, intelligent mammals, Edge.org . . . Play the movie differently and we wouldn’t be here.

			As we look at planet Earth and the factors that enabled us to be here, we quickly realize that our planet is very special. Here’s a short list: the long-term existence of a protective and oxygen-rich atmosphere; Earth’s axial tilt, stabilized by a single large moon; the ozone layer and the magnetic field, which jointly protect surface creatures from lethal cosmic radiation; plate tectonics, which regulates the levels of carbon dioxide and keeps the global temperature stable; the fact that our sun is a smallish, fairly stable star not too prone to releasing huge plasma burps. Consequently, it’s rather naïve to expect life—at the complexity level that exists here—to be ubiquitous across the universe.

			A further point: Even if there is intelligent life elsewhere—and, of course, we can’t rule that out (science is much better at finding things that exist than at ruling out things that don’t)—it will be so remote that for all practical purposes we are alone. Even if SETI finds evidence of other cosmic intelligences, we are not going to initiate an intense collaboration. And if we are alone, and alone are aware of what it means to be alive and of the importance of remaining alive, we gain a new kind of cosmic centrality, very different and much more meaningful than the religion-inspired one of pre-Copernican days, when Earth was the center of Creation. We matter because we are rare and we know it.

			The joint realization that we live in a remarkable cosmic cocoon and can create languages and rocket ships in an otherwise apparently dumb universe ought to be transformative. Until we find other self-aware intelligences, we are how the universe thinks. We might as well start enjoying one another’s company.

		

	


	
		
			The Mediocrity Principle

			P. Z. Myers

			Biologist, University of Minnesota; blogger, Pharyngula

			As someone who just spent a term teaching freshman introductory biology and will be doing it again in the coming months, I have to say that the first thing that leaped to my mind as an essential skill everyone should have was algebra. And elementary probability and statistics. That sure would make my life easier, anyway; there’s something terribly depressing about seeing bright students tripped up by a basic math skill they should have mastered in grade school.

			But that isn’t enough. Elementary math skills are an essential tool we ought to be able to take for granted in a scientific and technological society. What idea should people grasp to better understand their place in the universe?

			I’m going to recommend the mediocrity principle. It’s fundamental to science and it’s also one of the most contentious, difficult concepts for many people to grasp. And opposition to the mediocrity principle is one of the major linchpins of religion and creationism and jingoism and failed social policies. There are a lot of cognitive ills that would be neatly wrapped up and easily disposed of if only everyone understood this one simple idea.

			The mediocrity principle simply states that you aren’t special. The universe does not revolve around you; this planet isn’t privileged in any unique way; your country is not the perfect product of divine destiny; your existence isn’t the product of directed, intentional fate; and that tuna sandwich you had for lunch was not plotting to give you indigestion. Most of what happens in the world is just a consequence of natural, universal laws—laws that apply everywhere and to everything, with no special exemptions or amplifications for your benefit—given variety by the input of chance. Everything that you as a human being consider cosmically important is an accident. The rules of inheritance and the nature of biology meant that when your parents had a baby, it was anatomically human and mostly fully functional physiologically, but the unique combination of traits that make you male or female, tall or short, brown-eyed or blue-eyed, were the result of a chance shuffle of genetic attributes during meiosis, a few random mutations, and the luck of the draw in the grand sperm race at fertilization.

			Don’t feel bad about that, though; it’s not just you. The stars themselves form as a result of the properties of atoms, the specific features of each star set by the chance distribution of ripples of condensation through clouds of dust and gas. Our sun wasn’t required to be where it is, with the luminosity it has; it just happens to be there, and our existence follows from this opportunity. Our species itself is partly shaped by the force of our environment through selection and partly by fluctuations of chance. If humans had gone extinct a hundred thousand years ago, the world would go on turning, life would go on thriving, and some other species would be prospering in our place—and most likely not by following the same intelligence-driven, technological path we did.

			And that’s OK—if you understand the mediocrity principle.

			The reason this principle is so essential to science is that it’s the beginning of understanding how we came to be here and how everything works. We look for general principles that apply to the universe as a whole first, and those explain much of the story; and then we look for the quirks and exceptions that led to the details. It’s a strategy that succeeds and is useful in gaining a deeper knowledge. Starting with a presumption that a subject of interest represents a violation of the properties of the universe, that it was poofed uniquely into existence with a specific purpose, and that the conditions of its existence can no longer apply, means that you have leaped to an unfounded and unusual explanation with no legitimate reason. What the mediocrity principle tells us is that our state is not the product of intent, that the universe lacks both malice and benevolence, but that everything does follow rules—and that grasping those rules should be the goal of science.

		

	


	
		
			The Pointless Universe

			Sean Carroll

			Theoretical physicist, Caltech; author, From Eternity to Here: The Quest for the Ultimate Theory of Time

			The world consists of things, which obey rules. If you keep asking “why” questions about what happens in the universe, you ultimately reach the answer “because of the state of the universe and the laws of nature.”

			This isn’t an obvious way for people to think. Looking at the universe through our anthropocentric eyes, we can’t help but view things in terms of causes, purposes, and natural ways of being. In ancient Greece, Plato and Aristotle saw the world teleologically—rain falls because water wants to be lower than air; animals (and slaves) are naturally subservient to human citizens.

			From the start, there were skeptics. Democritus and Lucretius were early naturalists who urged us to think in terms of matter obeying rules rather than chasing final causes and serving underlying purposes. But it wasn’t until our understanding of physics was advanced by thinkers such as Avicenna, Galileo, and Newton that it became reasonable to conceive of the universe evolving under its own power, free of guidance and support from anything beyond itself.

			Theologians sometimes invoke “sustaining the world” as a function of God. But we know better; the world doesn’t need to be sustained, it can simply be. Pierre-Simon Laplace articulated the very specific kind of rule that the world obeys: If we specify the complete state of the universe (or any isolated part of it) at some particular instant, the laws of physics tell us what its state will be at the very next moment. Applying those laws again, we can figure out what it will be a moment later. And so on, until (in principle, obviously) we can build up a complete history of the universe. This is not a universe that is advancing toward a goal; it is one that is caught in the iron grip of an unbreakable pattern.

			This view of the processes at the heart of the physical world has important consequences for how we come to terms with the social world. Human beings like to insist that there are reasons why things happen. The death of a child, the crash of an airplane, or a random shooting must be explained in terms of the workings of a hidden plan. When Pat Robertson suggested that Hurricane Katrina was caused in part by God’s anger at America’s failing morals, he was attempting to provide an explanatory context for a seemingly inexplicable event.

			Nature teaches us otherwise. Things happen because the laws of nature say they will—because they are the consequences of the state of the universe and the path of its evolution. Life on Earth doesn’t arise in fulfillment of a grand scheme but as a by-product of the increase of entropy in an environment very far from equilibrium. Our impressive brains don’t develop because life is guided toward greater levels of complexity and intelligence but from the mechanical interactions between genes, organisms, and their surroundings.

			None of which is to say that life is devoid of purpose and meaning. Only that these are things we create, not things we discover out there in the fundamental architecture of the world. The world keeps happening, in accordance with its rules; it’s up to us to make sense of it and give it value.

		

	


	
		
			The Copernican Principle

			Samuel Arbesman

			Applied mathematician; postdoctoral research fellow, Department of Health Care Policy, Harvard Medical School; affiliate, Institute for Quantitative Social Science, Harvard University

			The scientist Nicolaus Copernicus recognized that Earth is not in any particularly privileged position in the solar system. This elegant fact can be extended to encompass a powerful idea, known as the Copernican Principle, which holds that we are not in a special or favorable place of any sort. By looking at the world in light of this principle, we can overcome certain preconceptions about ourselves and reexamine our relationship with the universe.

			The Copernican Principle can be used in the traditional spatial sense, providing awareness of our sun’s mediocre place in the suburbs of our galaxy and our galaxy’s unremarkable place in the universe. And the Copernican Principle helps guide our understanding of the expanding universe, allowing us to see that anywhere in the cosmos one would perceive other galaxies moving away at rapid speeds, just as we see here on Earth. We are not anywhere special.

			The Copernican Principle has also been extended to our temporal position by astrophysicist J. Richard Gott to help provide estimates for lifetimes of events, independent of additional information. As Gott elaborated, other than the fact that we are intelligent observers, there is no reason to believe we are in any way specially located in time. The Copernican Principle allows us to quantify our uncertainty and recognize that we are often neither at the beginning of things nor at the end. It allowed Gott to estimate correctly when the Berlin Wall would fall and has even provided meaningful numbers on the survival of humanity.

			This principle can even anchor our location within the many orders of magnitude of our world: We are far smaller than most of the cosmos, far larger than most chemistry, far slower than much that occurs at subatomic scales, and far faster than geological and evolutionary processes. This principle leads us to study the successively larger and smaller orders of magnitude of our world, because we cannot assume that everything interesting is at the same scale as ourselves.

			And yet despite this regimented approach to our mediocrity, we need not despair: As far as we know, we’re the only species that recognizes its place in the universe. The paradox of the Copernican Principle is that by properly understanding our place, even if it be humbling, we can only then truly understand our particular circumstances. And when we do, we don’t seem so insignificant after all.

		

	


	
		
			We Are Not Alone in the Universe

			J. Craig Venter

			Genome scientist; founder and president, J. Craig Venter Institute; author, A Life Decoded

			I cannot imagine any single discovery that would have more impact on humanity than the discovery of life outside our solar system. There is a humancentric, Earthcentric view of life that permeates most cultural and societal thinking. Finding that there are multiple, perhaps millions, of origins of life and that life is ubiquitous throughout the universe will profoundly affect every human.

			We live on a microbial planet. There are 1 million microbial cells per cubic centimeter of water in our oceans, lakes, and rivers; deep within the Earth’s crust; and throughout our atmosphere. We have more than 100 trillion microbes on and in each of us. We have microbes that can withstand millions of rads of ionizing radiation or acids and bases so strong they would dissolve our skin. Microbes grow in ice, and microbes grow and thrive at temperatures exceeding 100 Cº. We have life that lives on carbon dioxide, on methane, on sulfur, on sugar. We have sent trillions of bacteria into space over the last few billion years, and we have long exchanged material with Mars, so it would be very surprising if we do not find evidence of microbial life in our solar system, particularly on Mars.

			The recent discoveries by Dimitar Sasselov and colleagues of numerous Earth and super-Earth-like planets outside our solar system, including water worlds, greatly increases the probability of finding life. Sasselov estimates that there are approximately a hundred thousand Earths and super-Earths within our own galaxy. The universe is young, so wherever we find microbial life, there will be intelligent life in the future.

			Expanding our scientific reach farther into the skies will change us forever.

		

	


	
		
			Microbes Run the World

			Stewart Brand

			Founder, Whole Earth Catalog; cofounder, the WELL; cofounder, Global Business Network; author, Whole Earth Discipline

			“Microbes run the world.” That opening sentence of the National Research Council’s The New Science of Metagenomics sounds reveille for a new way of understanding biology and maybe of understanding society as well.

			The breakthrough was the shotgun sequencing of DNA, the same technology that gave us the human genome years ahead of schedule. Starting in 2003, Craig Venter and others began sequencing large populations of bacteria. The thousands of new genes they found (double the total previously discovered) showed what proteins the genes would generate and therefore what function they had, and that began to reveal what the teeming bacteria were really up to. This “meta”-genomics revolutionized microbiology, and that revolution will reverberate through the rest of biology for decades.

			Microbes make up 80 percent of all biomass, says microbiologist Carl Woese. In one-fifth of a teaspoon of seawater, there are a million bacteria (and 10 million viruses), Craig Venter says, adding, “If you don’t like bacteria, you’re on the wrong planet. This is the planet of the bacteria.” That means that most of the planet’s living metabolism is microbial. When James Lovelock was trying to figure out where the gases come from that make the Earth’s atmosphere such an artifact of life (the Gaia hypothesis), it was microbiologist Lynn Margulis who had the answer for him. Microbes run our atmosphere. They also run much of our body. The human microbiome in our gut, mouth, skin, and elsewhere, harbors three thousand kinds of bacteria with 3 million distinct genes. (Our own cells struggle by on only eighteen thousand genes or so.) New research is showing that our microbes-on-board drive our immune systems and important parts of our digestion.

			Microbial evolution, which has been going on for more than 3.6 billion years, is profoundly different from what we think of as standard Darwinian evolution, where genes have to pass down generations to work slowly through the selection filter. Bacteria swap genes promiscuously within generations. They have three different mechanisms for this “horizontal gene transfer” among wildly different kinds of bacteria, and thus they evolve constantly and rapidly. Since they pass the opportunistically acquired genes on to their offspring, what they do on an hourly basis looks suspiciously Lamarckian—the inheritance of acquired characteristics.

			Such routinely transgenic microbes show that there’s nothing new, special, or dangerous about engineered GM crops. Field biologists are realizing that the biosphere is looking like what some are calling a pangenome, an interconnected network of continuously circulated genes that is a superset of all the genes in all the strains of a species that form. Bioengineers in the new field of synthetic biology are working directly with the conveniently fungible genes of microbes.

			This biotech century will be microbe-enhanced and maybe microbe-inspired. Social Darwinism turned out to be a bankrupt idea. The term “cultural evolution” never meant much, because the fluidity of memes and influences in society bears no relation to the turgid conservatism of standard Darwinian evolution. But “social microbialism” might mean something as we continue to explore the fluidity of traits and the vast ingenuity of mechanisms among microbes—quorum sensing, biofilms, metabolic bucket brigades, “lifestyle genes,” and the like. Confronting a difficult problem, we might fruitfully ask, “What would a microbe do?”

		

	


	
		
			The Double-Blind Control Experiment

			Richard Dawkins

			Evolutionary zoologist, University of Oxford; author, The Greatest Show on Earth: The Evidence for Evolution

			Not all concepts wielded by professional scientists would improve everybody’s cognitive toolkit. We are here not looking for tools with which research scientists might benefit their science. We are looking for tools to help nonscientists understand science better and equip them to make better judgments throughout their lives.

			Why do half of all Americans believe in ghosts, three-quarters believe in angels, a third believe in astrology, three-quarters believe in hell? Why do a quarter of all Americans believe that the president of the United States was born outside the country and is therefore ineligible to be president? Why do more than 40 percent of Americans think the universe began after the domestication of the dog?

			Let’s not give the defeatist answer and blame it all on stupidity. That’s probably part of the story, but let’s be optimistic and concentrate on something remediable: lack of training in how to think critically and how to discount personal opinion, prejudice, and anecdote in favor of evidence. I believe that the double-blind control experiment does double duty. It is more than just an excellent research tool. It also has educational, didactic value in teaching people how to think critically. My thesis is that you needn’t actually do double-blind control experiments in order to experience an improvement in your cognitive toolkit. You need only understand the principle, grasp why it is necessary, and revel in its elegance.

			If all schools taught their pupils how to do a double-blind control experiment, our cognitive toolkits would be improved in the following ways:

			
					We would learn not to generalize from anecdotes.

					We would learn how to assess the likelihood that an apparently important effect might have happened by chance alone.

					We would learn how extremely difficult it is to eliminate subjective bias, and that subjective bias does not imply dishonesty or venality of any kind. This lesson goes deeper. It has the salutary effect of undermining respect for authority and respect for personal opinion.

					We would learn not to be seduced by homeopaths and other quacks and charlatans, who would consequently be put out of business.

					We would learn critical and skeptical habits of thought more generally, which not only would improve our cognitive toolkit but might save the world.

			

		

	


	
		
			Promoting a Scientific Lifestyle

			Max Tegmark

			Physicist, MIT; researcher, Precision Cosmology; scientific director, Foundational Questions Institute

			I think the scientific concept that would most improve everybody’s cognitive toolkit is “scientific concept.”

			Despite spectacular success in research, our global scientific community has been nothing short of a spectacular failure when it comes to educating the public. Haitians burned twelve “witches” in 2010. In the United States, recent polls show that 39 percent consider astrology scientific and 40 percent believe that our human species is less than ten thousand years old. If everyone understood the concept of “scientific concept,” these percentages would be zero. Moreover, the world would be a better place, since people with a scientific lifestyle, basing their decisions on correct information, maximize their chances of success. By making rational buying and voting decisions, they also strengthen the scientific approach to decision making in companies, organizations, and governments.

			Why have we scientists failed so miserably? I think the answers lie mainly in psychology, sociology, and economics.

			A scientific lifestyle requires a scientific approach to both gathering information and using information, and both have their pitfalls. You’re clearly more likely to make the right choice if you’re aware of the full spectrum of arguments before making your mind up, yet there are many reasons why people don’t get such complete information. Many lack access to it (3 percent of Afghans have access to the Internet, and in a 2010 poll 92 percent didn’t know about the 9/11 attacks). Many are too swamped with obligations and distractions to seek it. Many seek information only from sources that confirm their preconceptions. Even for those who are online and uncensored, the most valuable information can be hard to find, buried in an unscientific media avalanche.

			Then there’s what we do with the information we have. The core of a scientific lifestyle is to change your mind when faced with information that disagrees with your views, avoiding intellectual inertia, yet many of us praise leaders who stubbornly stick to their views as “strong.” The great physicist Richard Feynman hailed “distrust of experts” as a cornerstone of science, yet herd mentality and blind faith in authority figures is widespread. Logic forms the basis of scientific reasoning, yet wishful thinking, irrational fears, and other cognitive biases often dominate decisions.

			What can we do to promote a scientific lifestyle?

			The obvious answer is to improve education. In some countries, even the most rudimentary education would be a major improvement (less than half of all Pakistanis can read). By undercutting fundamentalism and intolerance, education would curtail violence and war. By empowering women, it would curb poverty and the population explosion.

			However, even countries that offer everybody education can make major improvements. All too often, schools resemble museums, reflecting the past rather than shaping the future. The curriculum should shift from one watered down by consensus and lobbying to skills our century needs, for promoting relationships, health, contraception, time management, and critical thinking, and recognizing propaganda. For youngsters, learning a foreign language and typing should trump long division and writing cursive. In the Internet age, my own role as a classroom teacher has changed. I’m no longer needed as a conduit of information, which my students can simply download on their own; rather, my key role is inspiring a scientific lifestyle, curiosity, and the desire to learn.

			Now let’s get to the most interesting question: How can we really make a scientific lifestyle take root and flourish?

			Reasonable people have been making similar arguments for better education since long before I was in diapers, yet instead of improving, education and adherence to a scientific lifestyle are arguably deteriorating in many countries, including the United States. Why? Clearly because there are powerful forces pushing in the opposite direction, and they are pushing more effectively. Corporations concerned that a better understanding of certain scientific issues would harm their profits have an incentive to muddy the waters, as do fringe religious groups concerned that questioning their pseudoscientific claims would erode their power.

			So what can we do? The first thing we scientists need to do is get off our high horses, admit that our persuasive strategies have failed, and develop a better strategy. We have the advantage of having the better arguments, but the antiscientific coalition has the advantage of better funding.

			However, and this is ironic, the antiscientific coalition is also more scientifically organized! If a company wants to change public opinion to increase their profits, it deploys scientific and highly effective marketing tools. What do people believe today? What do we want them to believe tomorrow? Which of their fears, insecurities, hopes, and other emotions can we take advantage of? What’s the most cost-effective way of changing their minds? Plan a campaign. Launch. Done.

			Is the message oversimplified or misleading? Does it unfairly discredit the competition? That’s par for the course when marketing the latest smartphone or cigarette, so it would be naïve to think that the code of conduct should be any different when this coalition fights science.

			Yet we scientists are often painfully naïve, deluding ourselves that just because we think we have the moral high ground, we can somehow defeat this corporate-fundamentalist coalition by using obsolete unscientific strategies. Based on what scientific argument will it make a hoot of difference if we grumble, “We won’t stoop that low” and “People need to change” in faculty lunchrooms and recite statistics to journalists? We scientists have basically been saying “Tanks are unethical, so let’s fight tanks with swords.”

			To teach people what a scientific concept is and how a scientific lifestyle will improve their lives, we need to go about it scientifically: We need new science advocacy organizations, which use all the same scientific marketing and fund-raising tools as the antiscientific coalition. We’ll need to use many of the tools that make scientists cringe, from ads and lobbying to focus groups that identify the most effective sound bites.

			We won’t need to stoop all the way down to intellectual dishonesty, however. Because in this battle, we have the most powerful weapon of all on our side: the facts.
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